Introduction
Considering available NATS surveys and the recent surge of WATS acquisition, the Gulf of Mexico (GOM) is now crisscrossed by abundant data. WATS data is often combined with existing NATS data to form Multi-Azimuth (MAZ) coverage that provides additional azimuthal information. This abundant information can improve subsalt illumination by providing better constraints for deriving accurate anisotropy parameters.
Incorporating Tilted Transverse Isotropy (TTI) in pre-stack depth imaging workflows with MAZ to compensate for anisotropic effects of salt-withdrawal mini-basins is now common practice in deep water Gulf of Mexico (Lynn and Michelina, 2011) . TTI RTM improves image focusing, particularly along steeply dipping salt flanks and the subsalt region underneath mini-basins (Huang et al., 2009, and Bowling, 2010) . However, TTI is a simplified representation of elastic media; it assumes the wave propagation speeds are the same in the transverse plane (Thomsen, 1986) . In fact, this may be an oversimplification in some GOM areas with significant uneven stress and fracture. Despite our best TTI practices in these areas, we observe inconsistent residual moveout in common images gathers (CIGs) among different azimuths.
One component of the local stress field is rock heterogeneity and horizontal stratification (Schoenbergm 1997) . This stratification typically implies transverse Isotropy (TI), but the presence of aligned fractures on tilted sedimentary bedding may cause azimuthal anisotropy (Schoenberg, 1997) . This requires a more general (and complex) anisotropic model, tilted orthorhombic (T-ORT), to describe azimuthal anisotropy. Orthorhombic media are described by three orthogonal planes of symmetry. While the TTI model requires five parameters, the T-ORT model is represented by nine parameters (Tsvankin, 1997) .
Here we will follow a case study through TTI and T-ORT model building flows to illustrate the limitations of TTI imaging and the benefit of T-ORT RTM for improving subsalt images.
Study Area
The area is located in Green Canyon (near the boundary with Garden Banks) in the central Gulf of Mexico. The area is characterized by a salt sheet high to the north. The differential loading of a mini-basin led to salt withdrawal. That displacement creates a localized extension with normal faulting extending to the sea floor in the mini-basin. Fractures are expected to generally parallel fault strikes in the area (Hilley et al., 2001) . South of the mini-basin, this withdrawal led to a thin extrusion of salt. Salt growth has created abundant faulting of conflicting strikes indicating a complicated localized stress field ( Figure 1 ).
The study area is covered by WATS data and orthogonal NATS data. The orientation of the WATS data is Northeast-Southwest. The NATS data is along NorthwestSoutheast, orthogonal to the WATS. The WATS has fold coverage of 189 with 8100 m inline offset and + /-4000 m crossline offset. The maximum NATS offset is 9000 m yielding a nominal fold of 60. Four azimuths are extracted from the data: 15°, 45°, and 75°, from WATS, and 135°, from NATS. This MAZ fan will allow for derivation of orthorhombic parameters (Li et al., personal communication, 2012) .
TTI and T-ORT Model Building
Four iterations of Multi-Azimuth (MAZ) TTI ray-based tomography (Huang et al., 2008) , including well constraints, were performed to reduce gather curvature and minimize well mis-ties in the supra-salt. TTI RTM was used to delineate salt geometry with a topdown interpretation approach.
For T-ORT model building, an initial model was extracted at an intermediate TTI tomography iteration. Each of the four azimuths was updated independently using TTI tomography to yield flat CIGs. The parameters of the individual TTI models were then converted to the set of orthorhombic parameters (vₒ, ε 1 , ε 2 , δ 1 , δ 2 , δ 3 , α) (Li et al., personal communication, 2012) . Dip and azimuth models, θ and φ, are inherited from the TTI model building. The direction of fast velocity (α) is consistent with the strike of expected fractures (Figure 2) . ε 1 and ε 2 , the two key parameters, have averages of 0.12 and 0.06, respectively. After three iterations of T-ORT tomographic update, well tomography was applied to minimize well mis-tie at top of salt.
T-ORT RTM was used for salt flood migration to define salt geometry. In the deeper subsalt regions, we lacked adequate resolution in terms of available offsets. Hence, α could not be derived with confidence. In order to compare fairly to TTI, we set ε 1 =ε 2 and δ 1 =δ 2 , simulating TTI in the subsalt.
Results
We closely examine CIG residual moveout after tomography. On MAZ gathers, areas near the faulted region exhibit conflicting residual moveout following TTI tomography (Figure 3a) . Events on the 135° were curving down indicating a need for slower velocities; while events on the 45° gather need faster velocities. In this area, the 45° gather corresponds to the strike of fracturing. After T-ORT tomography, we observe these areas are both more consistent across azimuths and flatter overall (Figure 3b ). Figure 2: Depth slice at 1450m through the study area with the direction of fast velocity (α) overlain. We observe the direction of fast velocity, α, which corresponds to the strike of fracture, tends to be perpendicular to the deeper salt whose footprint is shaded in red. Purple coresponds to strikes near 45° while green corresponds to strikes near 90°.
The distribution of residual moveout (Etgen, 2002 ) was used to evaluate curvature across azimuths for the entire test area. Flat events are given a value of one. Values greater than one indicate under-corrected events and a need for slower velocities. Overcorrected events, requiring faster velocities to flatten, are indicated by values less than one. After TTI tomography, azimuths near 45° were near or slightly less than one. The 135° azimuth, with its value above one, clearly indicated a need for slower velocity (Figure 4a ). This is orthogonal to the dominant fault strike throughout the test area.
The residual moveout distribution for the T-ORT is closer to one, indicating smaller residual curvature over the area (Figure 4b) . Also, the distribution of each azimuth is centered about one, indicating consistent curvature. Hence, after the T-ORT iterations, the overburden anisotropy parameters are well resolved.
After the sedimentary flood T-ORT PSDM, we observe improvements to the top of salt (TOS). After T-ORT tomography, the event is both sharper and more continuous on the steep salt flanks and under the faulted region ( Figure  5 ). The top of salt well mis-tie is reduced from 20m to 8m with T-ORT model building. These TOS improvements indicate that the overburden is better parameterized with the T-ORT models. 
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We use RTM to evaluate the subsalt imaging. Figure 6 compares the subsalt imaging in the primary fault region for TTI (a, c) and T-ORT (b, d) salt overhang migrations in both the inline (45°) and crossline (135°) directions. Focusing and event continuity are improved by accounting for tilted orthorhombic anisotropy in the overburden velocities.
Conclusions
WATS/MAZ data provide abundant azimuthal information needed to derive a realistic model representative of the supra-salt overburden. Tilted orthorhombic provides better representation of the overburden with fractures and uneven stress. The direction of fast velocity is consistent with the strikes of fractures in our study area. Tilted Orthorhombic PSDM improves imaging of the overburden mini-basins. Subsequently, improved modeling of the overburden leads to improved salt geometry and better subsalt images with T-ORT RTM.
